I. Introduction
In Japan, cardiac sudden death (CSD) accounts for about 60% of sudden death. The cases of out-of-hospital cardiac arrest are about 100,000 per year according to the data, carried out by the "Implementation Working Group for the AllJapan Utstein Registry of the Fire and Disaster Management Agency." 1) This means that the occurrence of out-ofhospital cardiac arrest is about 7 cases per hour in Japan.
According to "Guidelines for Risks and Prevention of Sudden Cardiac Death (JCS 2010)," 2) arrhythmia is a major cause of sudden death. Ventricular tachycardia (VT) and ventricular fibrillation (VF) especially have important roles in CSD. Bradyarrhythmia and pulseless electrical activity (PEA) are also shown as its etiology. [2] [3] [4] [5] [6] Coronary artery disease (CAD) is a major baseline disease of CSD in U.S. and the percentage of CAD is about 60% in CSD. 7) In Japan, CAD accounts for around 35-50%. 8, 9) Several factors are supposed to influence the mechanism of CSD due to CAD.
II. Purpose
To predict the mechanism of CSD due to CAD in Japan, we retrospectively investigated the acute myocardial infarction (AMI) patients with the fatal events in our percutaneous coronary intervention (PCI) database.
III. Patients and methods

The cases selected for this study
We retrospectively analyzed the consecutive ST-elevation MI (STEMI) patients treated with primary PCI from January to July, 2011 in our PCI database. 10) Among these patients, cases with fatal events were selected. The fatal events include death (VF, cardiogenic shock, mechanical complication such as cardiac rupture and non-cardiac death) and non-fatal events (VT/VF, cardiac tamponade, cardiogenic shock and advanced block). Because VT and VF are the major causes of out-of-hospital CSD and these deaths mostly occur before the patients reach the medical contact, we focused on the early ventricular tachyarrhythmia in AMI.
The definition of VT
VT is defined as an abnormally rapid ventricular rhythm usually in excess of 150 beats per minute (bpm). VT is called as "monomorphic VT" with the uniform QR S-complex Purpose: The purpose of this study is to predict the mechanism of cardiac sudden death (CSD) by analyzing the fatal events associated with acute myocardial infarction (AMI). Methods and Results: To predict the mechanism of CSD, clinical characteristics were analyzed in 5 AMI cases which presented early ventricular tachyarrhythmia over the 7 months from January, 2011. Case 1; 30-year-old (y/o) male underwent primary percutaneous coronary intervention (PCI) for acute inferior MI. He was wearing an ambulatory electrocardiography 2 days before the onset of AMI. ST segment depression with prolonged QTc interval followed by ventricular tachycardia (VT) was shown in the recording at night. Intracoronary injection of acetylcholine revealed multivessel spasm with subsequent prolonged QTc and ventricular ectopy. Case 2 and 3; two 67 y/o males were treated with primary PCI after direct current (DC) shock for ventricular fibrillation (VF). Case 4; 62 y/o male whose VF was treated with DC shocks in the emergency room (ER), and died of pulseless electrical activity (PEA) with heart rupture after successful PCI for acute anterior MI. Case 5; 71 y/o female with acute inferior MI due to stent thrombosis presented cardiogenic shock and VF which was treated in the ER. Conclusions: The fatal events associated with AMI were VF, VT induced by prolonged QTc via multivessel spasm, and PEA due to heart rupture. Coronary spasm is also suspected to be an important factor to induce VT, resulting in CSD.
morphologies and, is called as "polymorphic VT" with variations in morphology. The ventricle may beats independently of the atrial beating (atrio-ventricular dissociation). This provocation test is performed when the patient recovers from AMI into a stable stage of the convalescence.
It is judged to be positive for the provocation test if the coronary artery develops angiographical stenosis more than 90% in diameter, with chest pain and ischemic ST-T change.
Analysis of QT interval
Corrected QT interval (QTc) was measured by the modification of Bazett' s formula by Hodges and coworkers, as follows: QTc=QT+0.00175 (ventricular rate-60).
12)
IV. Results
The number of the STEMI patients was 31 for 7 months from January, 2011 in our institute, and 30 patients were treated with primary PCI. Among these patients, early ventricular tachyarrhythmia was shown in 5 cases around admission (Table 1) . Case 2-4 and 5 patients were treated in an emergency room (ER) or a cardiac catheterization room
for VF with direct current (DC) shock before primary PCI. Fig. 2A, B) . Acute inferior MI was diagnosed because of no relief of chest pain and elevated ST-T change after sublingual nitroglycerine. The patient was delivered to a cardiac catheterization room for urgent CAG.
Right coronary artery was completely occluded at midportion (Fig. 2C) . No significant stenosis was noticed in left coronary arteriogram (Fig. 2D ).
Primary PCI was carried out using a 6 Fr TAIGA TM SAL1. 
Provocation test of coronary spasm by ACh
Because coronary spasm possibly influence on the onset of the polymorphic VT followed by acute inferior MI in this case, provocation test of coronary spasm by Ach was scheduled after getting a written informed consent. In the morning on July 12 (after 26 days from the onset of AMI), the provocation test was performed. ECG just before the provocation test already showed prolonged QTc (480 msec) with positive u wave (Fig. 3A) . Its angiogram of RCA looked diffusely spastic. The QTc was prolonged to 540 msec with PVC at 25 sec after the injection of ACh 50 μg into RCA, followed by negative U wave with QTU of 680 msec at 60 sec after the injection (Fig. 3B) . Its angiogram at 60 sec after injection of ACh 50 μg disclosed the induction of 90% stenosis of distal segment in RCA (Fig. 4A ). As shown in Fig. 3C , just after the provocation test in LCA with 50 μg, the prolonged QTc of 520 msec accompanied PVC of R-on-T, followed by negative U wave as in Fig. 3D .
90% stenosis of distal segment in LCA was disclosed in the angiogram (Fig. 4B) . Because he presented severe chest pain, nitroglycerin of 1mg was injected into both LCA and RCA, resulting in a symptom relief and normalization of QTc to 440 msec without U wave. Final angiogram after intracoronary nitrate showed a dilatation of both coronary arteries (Fig. 4C, D) . Coronary vasospasm was considered to contribute to the onsets of VT and AMI in this patient.
Therapeutic strategy
Polymorphic VT was accidentally disclosed by Holter monitoring before the attack of AMI and the patient has a family history of CSD. Because he has no history of syncope or faintness and his organic stenosis in RCA has already been recanalized, we have decided to treat him not with ICD implantation but with oral medication.
After discharge from our institute, he is doing well with- factor strongly contributes to the coronary abnormal reactivity. 15, 18, 19) 3. IVUS finding in the case of coronary spasm
In the case of our patient, IVUS disclosed the thickened media with negative remodeling, mild atherosclerosis and thrombus in the culprit lesion. It is generally considered that severe ischemia due to coronary spasm induces the production of NO, which releases the spasm of the narrowed vessel, and coronary ischemia is finally resolved without myocardial necrosis. However, as shown in our case, coronary spasm mostly accompanies baseline atherosclerosis as the reports [20] [21] [22] [23] and these clinical conditions easily induce the thrombus formation focally followed by an onset of AMI. Moreover, it is reported that gene mutation reduces the endothelial NO production, 24) and this patient has a family history of CSD, suspecting the presence of genetic abnormality.
Heart rupture
Cardiac rupture rarely occurs in the early phase of AMI, and is typically presented 3 to 5 days after AMI. It is suspected that a cardiac rupture possibly becomes one of the causes of CSD in the case of painless AMI as well as late arrival to a medical institution from onset.
Bradyarrhythmia
Bradycardia such as sick sinus syndrome or advanced atrioventricular block is known as one of the causes of CSD. 25) However, there was no such patient evident in our study. 6. To reduce cardiac sudden death a. Education for the general public
Because CSD occurs at the early stage of AMI, the general public should be taught on the "Chain of Survival."
This means "Early Access," "Early CPR," "Early Defibrillation," and "Early Advanced Care."
b. Confirmation of the significance of coronary vasospasm for healthcare professionals
As Sueda reports, the rate of the patients with metabolic syndrome is rising in Japan, and endothelial dysfunction of coronary artery with abnormal reactivity is increasing. 17) This results in a higher frequency of coronary spasm development. For managing acute coronary syndrome, we have to recognize not only organic stenosis, but also the functional abnormality of coronary artery.
c. Problem in our case
Although case 1 was diagnosed as UAP, we could not persuade him to enter to hospital. More efforts were indispensable for him to be admitted at early stage of UAP.
VI. Study limitations 1. Patients selection
Because our cardiovascular center has not been running long, the number of cases with AMI is not high. Fortunately we have experienced the patients with early VF, and impressive VT case with prolonged QTc interval induced by coronary spasm. Measurement of QTc is necessary for more cases of provocation test with ACh, and we have to identify whether our case is rare or not.
Hardware ability
The data of ECG monitor in ER is not kept in a server and it is not possible for us to analyze the VF shown in ER retrospectively.
PEA
One patient died of PEA due to cardiac rupture after successful primary PCI. Because this event happened after the intervention in our case, it couldn't be concluded that PEA due to heart rupture is one of the causes of out-of-hospital cardiac death.
VII. Conclusion
Causes of CSD in the early phase of acute coronary syndrome were VF and VT induced by prolonged QTc due to coronary spasm. Death due to heart rupture was noticed after admission, however not in the early stage of AMI.
Considering the characteristics of early ventricular arrhythmia, not only should the general public be educated on the "Chain of Survival," but also an awareness of coronary spasm to healthcare professionals is mandatory in Japan.
